An investigation of the metal concentrations of calcium, copper, iron, magnesium, and zinc in three groups of young female hair (n = 180), from women aged between 15 to 19 years, with different body mass indexes (BMI) of BMI < 18, BMI between 18 and 23, and BMI > 24 was performed using atomic absorption spectroscopy (AAS). The hair samples were washed with organic solvent (normal hexane : ethyl alcohol : acetone, v/v, 4 : 2 : 1) to remove the external contents and then digested with a microwave digester. The hair samples were analyzed using a flame atomic absorption spectrophotometer. The BMI < 18 group (n = 45) had the highest concentrations of calcium, copper, iron, magnesium and zinc while the BMI between 18 and 23 group (n = 75) had the second highest concentrations. The BMI > 24 group (n = 60) had the lowest concentrations. Further -more, when we compared the concentrations of calcium, copper, iron, magnesium, and zinc between the groups with BMI < 18 and BMI > 24, there are significant differences (p < 0.05) in the calcium, copper, magnesium, and zinc concentrations between these two groups. The difference was especially significant (p < 0.01) in iron concentration.
INTRODUCTION
There are many trace elements in the body, which directly or indirectly participate in metabolism and play key roles in modulating it. Approximately 25% of the enzymes in the human body require metals to be activated and function properly in metabolism. [1] [2] [3] Out of these metals calcium, copper, iron, magnesium, and zinc are the most crucial cations that required. 4) Calcium is one of the main components of bones and teeth and plays a part in nerve, muscle, and bone metabolism. It plays a vital role in maintaining the function of the heart, kidney, and platelets and in protecting the blood vessels. 4) Furthermore, calcium helps the body to break down fat and burn carbohydrates. [5] [6] [7] Copper cations are also required as cofactors for many enzymes such as cytochrome oxidase, the oxidizing enzyme, in the mitochondria. Cytochrome oxidase requires activation by copper cation to conduct electron transfer. Therefore, like iron, copper may also have an indirect impact on the fatty acid oxidation and adenosine 5′-triphospate (ATP) production in mitochondria. Copper is extremely critical in the body's oxygen delivery process. Without copper transferring iron to the proper position, iron will not be able to carry out its normal functions. 8) Iron cations are crucial for the delivery of oxygen within the body through interactions with hemoglobin and myoglobin. In addition to delivering oxygen, iron is also the main component of cytochrome C, which is responsible for electron transfer within mitochondria. Therefore in a high iron concentration may have an indirect impact on fatty acid oxidation and ATP production in mitochondria. 4, 9, 10) Magnesium can help the bones grow, maintain stable metabolism, keep the blood vessels flexible, prevent cardiovascular disease and edema, and provide an antagonist function with calcium. 4, 11, 12) Zinc cations are used as cofactors for many enzymes in the liver, for example, fructose-1, 6-bisphosphatase, alkaline phosphatase, and ethyl alcohol dehydrogenase.
Since these five elements are so crucial in the formation, break down, and metabolism of body fat, it is worth investigating them further. 4, [12] [13] [14] Martino et al. 15) conducted studies on the concentration of 17) used this equipment to analyze the concentration of metal in blood samples of Taiwanese residents. There is only limited research on the analysis of hair samples from young women (age from 15 to 19 years) with the different BMIs to determine calcium, copper, iron, magnesium, and zinc concentrations. Therefore our research provides a link between the range of the calcium, copper, iron, magnesium, and zinc concentrations and BMI. Since these five metal elements play such vital roles in metabolism, it is worth studying the relation between these five elements not only with obesity but also with health.
MATERIALS AND METHODS
Materials ---Reagents used for digestion procedures and deionized distilled water (18 MΩ) were purchased from E. Merck. Standard solutions (1000 ppm in H 2 O) of calcium, copper, iron, magnesium, and zinc were obtained from the same company. Standard human hair sample NIES No. 5 (National Institute for Environmental Studies No. 5 human hair, Japan) was purchased and used as the basis for the determination of precision and accuracy. The containers were made of inert materials such as quartz, Teflon, and polypropylene. All containers were first immersed in 8 N HNO 3 for 24 hr, rinsed under deionized distilled water, and dried at ambient temperature before use. Hairs Sampling and Cleaning 18, 19) ---Hair samples for this research were all provided by students in residence at a junior college of nursing (Taipei). Their lifestyles and eating habits were all similar. Hair samples were collected from the nape section of each person. One hundred and eighty young females who provided hair samples ranged from 15 to 19 years of age. Hair samples were cut near the scalp area with thin-blade stainless steel scissors. The length of hair samples ranged from 1.0 to 3.0 cm. Hair samples were accurately weighed to 1.000 ± 0.200 g.
Hair samples were then placed inside polyethylene bags and stored in a controlled environment of temperature (25°C) and humidity (65% relative humidity). The procedure for sample cleaning was described elsewhere. 18, 19) Samples were immersed in a 65 ml mixture of normal-hexane, ethyl alcohol, and acetone (4 : 2 : 1, v/v) two times. Each immersion lasted 1.5 hr. Then the samples were rinsed under deionized distilled water four times and immersed in acetone 65 ml for 15 min. The samples were given a final rinse under deionized distilled water three times, filtered with paper dried at ambient temperature, and prepared for the digestion procedure. Hair Digestion 18, 19) ---A hair sample was weighed (0.200 ± 0.100 g) and then placed inside a 250 ml microwave digester vessel. Nitric acid 10 ml was added and then heated in a microwave (CEM-MD-2000 microwave digester, U.S.A.) using less than 30% power for 5 min. Then 10 ml of deionized distilled water was added followed by 40% power heating for 25 min. and 0% power heating for 10 min. Finally, hydrogen dioxide (H 2 O 2 ) 2 ml was added, followed by 65% power heating for 5 min. After the heating procedures, vessels were taken out under normal pressure and temperature. All digested solutions were diluted to specific volumes with deionized distilled water for atomic absorption spectroscopy (AAS) determination. AAS Analysis ---With some minor variations in AAS conditions, the instrumentation and procedures (Hitachi Z-8200, Japan, Atomic Absorption Spectrophotometer coupled with Flame Atomizer) were the same as used in our earlier study. 18, 19) The external standard method was used for the quantitative determination of metal elements in hair. A series of standard solutions containing the following concentrations of calcium, copper, iron, magnesium, and zinc ions was prepared using deionized distilled water and stock solutions (1000 ppm): 0.00, 0.10, 0.20, 0.40, 1.00, 2.00, and 4.00 µg/ml. To obtain accurate quantitative data, the regression coefficient of the standard calibration curve for each element was made greater than 0.9998. Accuracy and Precision ---The NIES No. 5 human hair Japan recovery is used for comparing the accuracy of calcium, copper, iron, magnesium, and zinc measurements. Our results showed that the overall average recovery for these five elements is greater than 98.0%. Table 1 shows the recovery rate of these elements. The recovery rates for calcium, iron, copper, zinc, and magnesium were 101.3, 100.2, 99.8, 99.5, and 98.0%, respectively. The coefficients of variation (CV%) for the standard materials were used for precision comparison. According to Table 1 , the CV% for these five elements is less than 5.0% (calcium 5.0%, copper 2.8%, iron 2.1%, magnesium 4.2%, zinc 2.5%). Therefore we conclude that our method is applicable to the analysis of calcium, copper, iron, magnesium, and zinc concentrations in hair. Statistical Analysis ---The statistical graphic package (Statgraphic, U.S.A.) was used to complete the computation of various statistical data. If the pvalue for the mean concentrations of calcium, copper, iron, magnesium, and zinc between any two groups was less than 0.05, the difference was considered significant. Values are expressed as mean ± S.D.
RESULTS

Comparison of Calcium, Copper, Iron, Magnesium, and Zinc Concentration in Young Female Hair with Different BMI
The calcium, copper, iron, magnesium, and zinc concentrations in hair samples from young women with different BMIs are shown in Table 2 .
The calcium concentration was 2207. Each value is the mean ± S.D. of three runs. a, c) p < 0.05, b) p < 0.01 significant differences from the BMI > 24. The relationship between calcium, copper, iron, magnesium, and zinc concentrations in young female hair from donors with different BMIs are shown in Table 2 . Calcium, copper, iron, magnesium, and zinc concentrations in the young female hair were inversely related to BMI. This means that the higher BMI, the lower the mean calcium, copper, iron, magnesium, and zinc concentrations among in hair.
Comparing the calcium, copper, iron, magnesium, and zinc concentrations between groups, only the groups with BMI < 18 and BMI between 18 and 23 did not show any significant difference (p > 0.05). When comparing other group combinations such as BMI between 18 and 23 and BMI > 24, only calcium concentration showed significant differences (p < 0.05). However, in the other group combinations with BMI < 18 and BMI > 24 the calcium, copper, magnesium, and zinc concentrations showed significant differences (p < 0.05), especially the iron concentration (p < 0.01).
DISSCUSION
Based on our current results, the change in the calcium concentration in young female hair may be closely associated with changes in BMI. In some other reports, 20, 21) it was mentioned that "the calcium content within a body is directly related to the decomposition of the fatty acid within the brown fat cells in the subcutaneous tissues." "Higher calcium concentration in the body will suppress the formation of the new fat and catalyze the decomposition of the existing fat." In other words, the right amount of calcium might help people to lose weight.
Clouet et al. 22) pointed out that, like iron, copper may also have an indirect impact on fatty acid oxidation and ATP production in the mitochondria for the body's metabolism to break down the fatty acid and reduce fat. Bruner et al., 23) Kretsh et al. 24) and Pinhas et al. 10) mentioned that adolescent girls with insufficient iron tend to have higher BMI and lower cognitive performance. In our previous study 25) we also found that the iron concentration in young female hair is inversely related to cognitive performance. From this point of view, insufficient iron may be affected not only the BMI but also cognitive performance in adolescent girls. Furthermore, our results agree with others [11] [12] [13] [14] [15] [16] that people with higher BMIs have lower magnesium and zinc concentrations in their hair.
Based on these results, we recommend that growing young women ensure balanced nutrition to prevent becoming overweight. They should consume foods rich in calcium, copper, iron, magnesium, and zinc. A database of the concentrations of calcium, copper, iron, magnesium, and zinc in the hair of persons of different gender, age, profession, or working experience can be created to evaluate the relationship between BMI and these elements in each group. This database could be used to help weight control (prevent obesity) and even be used to identify unidentified bodies in forensic science.
